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,QWURGXFWLRQ
'LIIHUHQWSODVWLFGHVLJQPHWKRGVIRUGHWHUPLQLQJWKHKRUL]RQWDOORDGFDUU\LQJFDSDFLW\RIVKHDWKHGWLPEHUIUDPH
ZDOOVDUHLQIRFXVLQWKLVODVWSDUWRIWKHVHULHV%RWKIXOO\DQGSDUWLDOO\DQFKRUHGVKHDUZDOOVDUHWUHDWHG)RUFRPSDULVRQ
UHDVRQVDOVRWKHHODVWLFGHVLJQPHWKRGYDOLGRQO\IRUIXOO\DQFKRUHGZDOOVLVVXPPDULVHG)RUSDUWLDOO\DQFKRUHGZDOOV
WKUHHGLIIHUHQWSODVWLFPHWKRGVDUHSUHVHQWHGIRUVKHDUZDOOVVXEMHFWHGWRDUELWUDU\YHUWLFDOORDGVYHUWLFDOORDGVKDYH
QRHIIHFWRQWKHORDGEHDULQJFDSDFLW\IRUIXOO\DQFKRUHGVKHDUZDOOVRWKHUWKDQGXHWRSRVVLEOHVHFRQGRUGHUHIIHFWV
$OOWKHSURSRVHGSODVWLFPRGHOVDUHEDVHGRQSODVWLFFKDUDFWHULVWLFVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVDQGWKDWD
SODVWLF ORZHUERXQGPHWKRG LVXVHG LH WKH VWDWLF HTXLOLEULXPPXVWEH IXOILOOHGDQGQREULWWOH IDLOXUHVRFFXU7KH
PHWKRGJLYHVDFDSDFLW\WKDWLVORZHUWKDQRUHTXDOWRWKHWUXHSODVWLFFDSDFLW\7KHSURSRVHGPRGHOVDUHVLPSOHDQG
IOH[LEOHDQGFDQEHDSSOLHGWRGLIIHUHQWZDOOJHRPHWULHVERXQGDU\FRQGLWLRQVORDGLQJFRQILJXUDWLRQVDQGQXPEHURI
VWRUH\V
7KHGHYHORSHGSODVWLFGHVLJQPHWKRGVIRUIXOO\DQGSDUWLDOO\DQFKRUHGVKHDWKHGWLPEHUIUDPHVKHDUZDOOVKDYHEHHQ
YHULILHG WKURXJK H[WHQVLYH DQDO\WLFDO DQG H[SHULPHQWDO VWXGLHV > DQG @ 7KH\ KDYH EHHQ SUHVHQWHG DQG
GLVFXVVHGIRULQFOXVLRQLQWKH(XURFRGH>@$6ZHGLVKYHUVLRQRIWKHKDQGERRN>@KDVEHHQSUHVHQWHGHDUOLHU
EDVHGRQWKHHVWDEOLVKHGWKHRUHWLFDOEDFNJURXQGFRQVLGHULQJ6ZHGLVKFRGHV>@DQGDSSOLFDEOH(XURFRGHV>@7KLV
SDUWLVWKHODVWRQHLQDVHULHVLQWURGXFLQJWKHKDQGERRNWRWKHLQWHUQDWLRQDOFRPPXQLW\
+RUL]RQWDOORDGFDUU\LQJFDSDFLW\LQWKHXOWLPDWHOLPLWVWDWH
7KHKRUL]RQWDO ORDGFDUU\LQJFDSDFLW\RI IXOO\DQGSDUWLDOO\DQFKRUHGVKHDWKHG WLPEHU IUDPHZDOOV VXEMHFWHG WR
DUELWUDULO\GLVWULEXWHGYHUWLFDOSRLQWORDGVLVSUHVHQWHGIRUDIHZDOWHUQDWLYHSODVWLFPRGHOV$VDQLQWURGXFWLRQRQO\
VKHDUZDOOVZLWKRXWRSHQLQJVDUHSUHVHQWHGKHUH
7KH SODVWLF GHVLJQ PHWKRG KDV VHYHUDO DGYDQWDJHV DQG HQDEOHV PRUH HIILFLHQW PDWHULDO XVDJH DQG LQFUHDVHG
SURGXFWLYLW\,WLVFDSDEOHRIWDNLQJLQWRDFFRXQWWKHUHDOW\LQJGRZQFRQGLWLRQVIRUVKHDUZDOOVLQSUDFWLFDOVWUXFWXUHV
DQGPDNHVLWSRVVLEOHWRDYRLGH[SHQVLYHDQGFRPSOLFDWHGDQFKRULQJWRWKHIRXQGDWLRQ,QDGGLWLRQWKHGLPHQVLRQDO
EHKDYLRXU RI EXLOGLQJV FDQ EH XWLOL]HG WKURXJK FRQQHFWLQJ WKH VKHDUZDOOV WR WKH WUDQVYHUVHZDOOV DQG UHGXFH RU
HOLPLQDWHWKHQHHGIRUVHSDUDWHKROGGRZQGHYLFHV:LWKWKHSODVWLFPHWKRGLWLVSRVVLEOHWRFRPELQHGLIIHUHQWW\SHV
RIDQFKRULQJHJKROGGRZQVDQGWUDQVYHUVHZDOOVDQGWDNHWKHUHPDLQLQJXSOLIWLQJIRUFHWKURXJKWKHVKHDWKLQJWR
IUDPLQJMRLQWV7KHPHWKRGDOVRPDNHVLWSRVVLEOHWRLQFOXGHWKHORDGEHDULQJFDSDFLW\RIZDOOVHJPHQWVLQFOXGLQJ
RSHQLQJV
7KHSODVWLFDQDO\WLFDOPRGHOVDUHJHQHUDOLQQDWXUHDQGFDQEHXVHGLQGHVLJQRIVKHDUZDOOVZLWKGLIIHUHQWVKHHW
PDWHULDOVVKHDWKLQJWRIUDPLQJMRLQWVJHRPHWULFOD\RXWDQFKRULQJFRQGLWLRQVDQGORDGFRQILJXUDWLRQV
)RU IXOO\ DQFKRUHG VKHDU ZDOOV WZR GLIIHUHQW PRGHOV ZLOO EH SUHVHQWHG  7KH WUDGLWLRQDO HODVWLF PRGHO IRU
FRPSDULVRQUHDVRQVDQG7KHEDVLFSODVWLFPRGHO
)RUSDUWLDOO\DQFKRUHGZDOOVWKUHHGLIIHUHQWSODVWLFPHWKRGVDUHSUHVHQWHG
 1R FRQWDFW IRUFHV EHWZHHQ DGMDFHQW VKHHWV RFFXU LH WKH VKHHWV DUH IUHH WR URWDWH LQGHSHQGHQWO\ IURP RQH
DQRWKHU
 &RQWDFWIRUFHVGHYHORSEHWZHHQDGMDFHQWVKHHWV
 &RQWDFWIRUFHVGHYHORSEHWZHHQDGMDFHQWVKHHWVDQGLQIOXHQFHRIWKHVWXGWRUDLOMRLQWVDUHWDNHQLQWRDFFRXQW
2.1. Fully anchored shear walls 
7KH HODVWLFPHWKRG KDV SUHYLRXVO\ EHHQ SUHVHQWHG E\.lOOVQHU DQG*LUKDPPDU >@ ,W LV FKDUDFWHULVHG E\ WKH
DVVXPSWLRQWKDWWKHVKHDWKLQJWRIUDPLQJMRLQWVKDYHOLQHDUHODVWLFIRUFHGLVSODFHPHQWUHODWLRQVKLSV7KHORDGFDUU\LQJ
FDSDFLW\RIWKHZDOOLVDVVXPHGWREHDWWDLQHGZKHQWKHPRVWVWUDLQHGVKHDWKLQJWRIUDPLQJMRLQWUHDFKHVLWVPD[LPXP
FDSDFLW\7KHPHWKRGLVDOVREDVHGRQWKHDVVXPSWLRQWKDWQREHQGLQJGHIRUPDWLRQVRFFXULQWKHIUDPLQJPHPEHUV
DQG WKDW WKH YHUWLFDO VWXGV DUH SLQQHG FRQQHFWHG WR WKH ERWWRP DQG WRS UDLOV )XOILOPHQW RI WKH ODWWHU DVVXPSWLRQ
GHPDQGVIRUH[DPSOHWKDWWKHILUVWYHUWLFDOVWXGWKHOHDGLQJVWXGRQWKHZLQGZDUGVLGHRIWKHZDOOPXVWEHDQFKRUHG
WRWKHERWWRPZLWKVRPHW\SHRIDQFKRULQJGHYLFHRUWKDWWKHVHOIZHLJKWIURPRYHUO\LQJEXLOGLQJVHFWLRQVFDQEHXVHG
WRFRXQWHUDFWWKHXSOLIWRIWKHZDOODWWKHOHDGLQJVWXGFDXVHGE\WKHKRUL]RQWDOIRUFH
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7KHPRGHO LV EDVHGRQ WKH IROORZLQJ DVVXPSWLRQV  )UDPLQJPHPEHUV DQG VKHHWV DUH ULJLG 1R FRQWDFW
EHWZHHQDGMDFHQWVKHHWVRUEHWZHHQVKHHWVDQGVXUURXQGLQJVWUXFWXUHVKHHWVDUHIUHHWRURWDWH6WXGWRUDLOMRLQWV
DFWDVKLQJHV6KHDWKLQJWRIUDPLQJMRLQWVKDYHOLQHDUHODVWLFORDGVOLSFKDUDFWHULVWLFVXSWRIDLOXUHKDYHWKHVDPH
VWLIIQHVVLQDOOMRLQWVDQGWKHVWLIIQHVVLVLQGHSHQGHQWRIWKHIRUFHGLUHFWLRQDQGWKHPXWXDORULHQWDWLRQRIWKHVKHHWV
DQGIUDPLQJPHPEHUV'LVSODFHPHQWVRIWKHZDOODUHVPDOOFRPSDUHGWRWKHZLGWKDQGKHLJKWRIWKHVKHHWV
(GJH GLVWDQFHV RI VKHDWKLQJWRIUDPLQJ MRLQWV DUH VPDOO FRPSDUHG WR WKHZLGWK DQG KHLJKW RI WKH VKHHWV LH WKH
IDVWHQHUVDUHDSSUR[LPDWHO\ORFDWHGDORQJWKHHGJHVRIWKHVKHHWV6SDFLQJEHWZHHQWKHIDVWHQHUVLQWKHVKHDWKLQJ
WRIUDPLQJMRLQWVDUHUHODWLYHO\VPDOODQGDFRQWLQXRXVVKHDUIORZIURPWKHIDVWHQHUVDUHDVVXPHG
7KHSODVWLFDQDO\VLVPRGHOIRUIXOO\DQFKRUHGVKHDWKHGVKHDUZDOOVKDVDOVREHHQSUHVHQWHGEHIRUHE\.lOOVQHUDQG
*LUKDPPDU>@7KHPRGHOLVEDVHGRQWKHVDPHDVVXPSWLRQVDVIRUWKHHODVWLFPRGHOH[FHSWWKDWWKHFKDUDFWHULVWLFV
RIWKHVKHDWKLQJWRIUDPLQJMRLQWVDUHDVVXPHGLGHDOO\SODVWLF7KHSODVWLFPHWKRGLVDVRFDOOHGORZHUERXQGPHWKRG
LHEDVHGRQWKHVWDWLFWKHRUHPUHTXLULQJWKDWWKHVWDWLFHTXLOLEULXPLVIXOILOOHGIRUDOOSDUWVRIWKHVWUXFWXUHDQGQR
EULWWOHIDLOXUHVRFFXU7KHPHWKRGJLYHVDFDSDFLW\WKDWLVORZHUWKDQRUHTXDOWRWKHWUXHSODVWLFORDGFDUU\LQJFDSDFLW\
)RU ERWKPHWKRGV WKH IRUPXODV IRU WKH ORDGEHDULQJ FDSDFLW\ RI WKH VKHDU ZDOO LQ WKH XOWLPDWH OLPLW VWDWH DUH
SUHVHQWHG
&RQVLGHUWKHVKHDWKHGWLPEHUIUDPHZDOOLQ)LJXUHDZKHUHWKHQRWDWLRQLVVKRZQ7KHHODVWLFGLVWULEXWLRQRIWKH
IRUFHVLQWKHIDVWHQHUVLVLOOXVWUDWHGLQ)LJXUHE7KHFRUUHVSRQGLQJIDVWHQHUIRUFHGLVWULEXWLRQLQWKHSODVWLFPRGHOLV
JLYHQLQ)LJXUHF7KHSODVWLFIRUFHFSLQWKHIDVWHQHULVXVXDOO\GLVWULEXWHGDVDFRQVWDQWVKHDUIORZSHUXQLWOHQJWKfS
 FSs
   
D EF
)LJD:DOOFRPSRVHGRIIRXUVHJPHQWVE)DVWHQHUIRUFHVDFWLQJRQVKHDWKLQJDFFRUGLQJWRHODVWLFPRGHO&* FHQWUHRIJUDYLW\RIWKH
IDVWHUVDQGF$VVXPHGGLVWULEXWLRQRIIRUFHVRQVKHDWKLQJDFFRUGLQJWRSODVWLFORZHUERXQGPHWKRG
2.1.1. Elastic model 
7KHKRUL]RQWDOORDGFDUU\LQJFDSDFLW\HIRUWKHHODVWLFPRGHOLVJLYHQE\.lOOVQHUDQG*LUKDPPDU>@DV
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GLVWDQFHVWRWKHIDVWHQHUVLQWKHFRUQHUVDQGxiRFKyiDUHWKHPRPHQWRILQHUWLDRIWKHIDVWHQHUV ZLWKUHVSHFWWR
WKHFHQWUHRIJUDYLW\RIWKHIDVWHQHUV)RUhb DQGs sLVWKHDSSUR[LPDWHH[SUHVVLRQRQWKHULJKWKDQGVLGHRI
WKH(TLVYDOLG
2.1.2. Plastic model 
7KHKRUL]RQWDOORDGFDUU\LQJFDSDFLW\IRUWKHSODVWLFPRGHOLVJLYHQE\.lOOVQHUDQG*LUKDPPDU>@DV
S
SVHJPHQW
F
H n b f l
s
  
ZKHUHFSLVWKHSODVWLFFDSDFLW\RIWKHIDVWHQHUVDQGFSs fSLVWKHVKHDUIORZSHUXQLWOHQJWK
$FRPSDULVRQEHWZHHQWKHORDGFDUU\LQJFDSDFLW\IRUWKHHODVWLFDQGSODVWLFPRGHOLVJLYHQLQ$SSHQGL[$
2.2. Partially anchored sheathed timber shear walls 
7KUHHGLIIHUHQWSODVWLFPRGHOVIRUSDUWLDOO\DQFKRUHGVKHDUZDOOVZLOOEULHIO\EHSUHVHQWHGKHUH$OOPRGHOVDUH
EDVHGRQSODVWLFFKDUDFWHULVWLFVRIWKHVKHDWKLQJWRWLPEHUMRLQWVDQGRQWKHORZHUERXQGPHWKRGEXWWKHODVWRQHRI
WKHPRQO\LQDQDSSUR[LPDWHVHQVH,QWKHILUVWPRGHOQRFRQWDFWIRUFHVDUHDVVXPHGWRGHYHORSEHWZHHQWKHDGMDFHQW
VHJPHQWVLHWKH\DUHIUHHWRURWDWHIURPRQHDQRWKHU,QWKHVHFRQGPRGHOFRQWDFWIRUFHVRFFXUEHWZHHQWKHDGMDFHQW
VKHHWV
,QWKHWKLUGPRGHOWKHVKHDUIRUFHVIURPWKHVWXGWRUDLOMRLQWVDUHWDNHQLQWRDFFRXQW,QRUGHUIRUWKHODWWHUPRGHO
WREHDWUXHORZHUERXQGPHWKRGLWLVUHTXLUHGWKDWWKHVKHDUFDSDFLW\RIWKHVWXGWRUDLOMRLQWVLVVXIILFLHQWO\ODUJHDQG
FDQEHXVHGIRUWUDQVIHUULQJVKHDUIRUFHV%XWHYHQLIWKLVFRQGLWLRQFRQFHUQLQJWKHKRUL]RQWDOHTXLOLEULXPLVQRWIXOO\
PHWWKLVPHWKRGJLYHVYDOXHVWKDWDUHFORVHWRWHVWUHVXOWV,QWKHERWKODWWHUPRGHOVFRQWDFWIRUFHVEHWZHHQWKHDGMDFHQW
VKHHWVDUHLQFOXGHG
7KHEDVLFDVVXPSWLRQVRIWKHSODVWLFDQDO\WLFDOPRGHOVIRUDVKHDUZDOOZKHUHWKHVWXGVDUHSDUWLDOO\DQFKRUHGEXW
WKHERWWRPUDLODQFKRUHGWRWKHVXEVWUDWHDUHDVIROORZVWKHVKHDWKLQJWRIUDPLQJMRLQWVUHIHUULQJWRWKHYHUWLFDO
VWXGVDQGWKHWRSUDLODUHDVVXPHGWRWUDQVIHUVKHDUIRUFHVRQO\SDUDOOHOWRWKHWLPEHUPHPEHUVWKHVKHDWKLQJWR
IUDPLQJMRLQWVUHIHUULQJWRWKHERWWRPUDLODUHDVVXPHGWRWUDQVIHUIRUFHVHLWKHUSDUDOOHORUSHUSHQGLFXODUWRWKHERWWRP
UDLOWKHVWXGWRUDLOMRLQWVDUHQRWDVVXPHGWRWUDQVIHUDQ\WHQVLOHRUVKHDUIRUFHVH[FHSWIRUPRGHOZKHUHVRPH
VKHDUIRUFHVFDQEHWUDQVIHUUHGWRWKHERWWRPUDLODQGFRPSUHVVLYHIRUFHVFDQEHWUDQVIHUUHGYLDFRQWDFWEHWZHHQ
DGMDFHQW VKHHWV H[FHSW IRUPRGHO  DQG LQ WKH VWXGWRUDLO MRLQWV ,Q RUGHU WR REWDLQ VLPSOH H[SUHVVLRQV IRU WKH
UHVLVWDQFHRIWKHVKHDUZDOOVWKHIDVWHQHUVDUHDVVXPHGWREHFRQWLQXRXVO\GLVWULEXWHGDORQJWKHFHQWUHRIWKHWLPEHU
PHPEHUV,WLVIXUWKHUDVVXPHGWKDWWKHIDVWHQHUVSDFLQJDURXQGWKHSHULPHWHURIWKHVKHHWVLVFRQVWDQW
&RQVLGHU WKH VKHDWKHG WLPEHU IUDPH ZDOO LQ )LJXUH D DQG WKH WKUHH GLIIHUHQW SODVWLF PRGHOV IRU WKH IRUFH
GLVWULEXWLRQVLQWKHZDOOLQ)LJXUHZKHUHWKHQRWDWLRQLVVKRZQ7KHSDUDPHWHU P LVLQWURGXFHGWRPDNHLWSRVVLEOH
IRU WKHSODVWLFFDSDFLW\RI WKHVKHDWKLQJWRIUDPLQJ MRLQWV fS WRGLIIHUSHUSHQGLFXODU WRJUDLQIURPWKDWSDUDOOHO WR
JUDLQ

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F
)LJ3DUWLDOO\DQFKRUHGVKHDUZDOOVZLWKIRUFHGLVWULEXWLRQLQFDVHRIDQRFRQWDFWIRUFHVEHWZHHQDGMDFHQWVKHHWVEZLWKFRQWDFWIRUFHV
EHWZHHQDGMDFHQWVKHHWVDQGFWKHVDPHEXWDOVRFRQVLGHULQJVKHDUWUDQVIHULQWKHVWXGWRUDLOMRLQWV
2.2.1. No contact forces between adjacent sheets 
7KHEDVLFHTXDWLRQIRUWKHSODVWLFKRUL]RQWDOORDGFDUU\LQJFDSDFLW\HZLWKRXWYHUWLFDOORDGVZDVJLYHQE\.lOOVQHU
DQG*LUKDPPDU>@7RLQFOXGHDUELWUDU\YHUWLFDOORDGVWKHHTXDWLRQFDQEHJHQHUDOL]HGE\VXFFHVVLYHO\DSSO\LQJ
PRGHOVHHVHFWLRQRQHDFKZDOOVHJPHQWVWDUWLQJIURPWKHZLQGZDUGVLGHRIWKHZDOO7KHREWDLQHGUHDFWLRQ
IRUFHVRDUHDSSOLHGDVYHUWLFDOORDGVRQWKHDGMDFHQWVHJPHQWV7KHSURFHGXUHLVLQWHUUXSWHGZKHQWKHVKHDUFDSDFLW\
RIWKHZDOOLVDWWDLQHGZLWKLQRQHRIWKHZDOOVHJPHQWVWKLVFDQRQO\RFFXUDWWKHSRVLWLRQRIDYHUWLFDOVWXG7KHUHVW
RIWKHZDOOVHJPHQWVZLOOEHIXOO\HIIHFWLYHIRUVKHDUWUDQVIHU
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2.2.2. Contact forces between adjacent sheets 
7KHSODVWLFORDGFDUU\LQJFDSDFLW\HLVJLYHQE\.lOOVQHUHWDO>@DV
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 ¦   
7KLVPRGHOKDVWKHGUDZEDFNWKDWWKHVHFWLRQZKHUHWKHVKHDUFDSDFLW\LVDWWDLQHGFDQRQO\EHGHWHUPLQHGE\WULDO
DQGHUURU+RZHYHUGXHWRWKHYHUWLFDOSRLQW ORDGVDQGWKHUHIRUHWKHGLVFRQWLQXLW\FKDQJHLQWKHVKHDUIRUFH WKDW
VHFWLRQLVDOZD\VDWWKHSRVLWLRQRIDVWXG,IWKHVKHDUFDSDFLW\LVQRWDWWDLQHGZLWKLQWKHZDOOWKHOHQJWKl FI
.lOOVQHUDQG*LUKDPPDU>@
2.2.3. Shear capacity attained – Stud-to-rail shear forces included 
7KHSODVWLFORDGFDUU\LQJFDSDFLW\HLVJLYHQE\.lOOVQHUHWDO>@DV
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 ¦   
7KHVHFWLRQZKHUHWKHVKHDUFDSDFLW\LVDWWDLQHGLVGHWHUPLQHGE\WULDODQGHUURUEXWLQDQHDVLHUZD\WKURXJK(T
WKDQLQWKHIRUPHUPRGHO$GUDZEDFNLVWKDWWKHKRUL]RQWDOHTXLOLEULXPLVQRWDOZD\VIXOILOOHG
$FRPSDULVRQEHWZHHQWKHORDGFDUU\LQJFDSDFLWLHVIRUWKHGLIIHUHQWSODVWLFPRGHOVLVJLYHQLQ$SSHQGL[$
2.3. Partially anchored sheathed timber shear walls with openings 
7KHGHVLJQRISDUWLDOO\DQFKRUHGVKHDWKHGWLPEHUVKHDUZDOOVZLWKRSHQLQJVZLOOQRWEHGLVFXVVHGLQWKLVRYHUDOO
SUHVHQWDWLRQRIWKHKDQGERRN)RUWKHWLPHEHLQJWKHUHDGHULVUHIHUUHGWRWKHSXEOLFDWLRQVE\.lOOVQHUDQG*LUKDPPDU
>@
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2.4. Anchoring using transverse walls and bottom rails 
7KH GHVLJQ RI DQFKRULQJ RI VKHDWKHG WLPEHU VKHDU ZDOOV XVLQJ WUDQVYHUVH ZDOOV ZLOO QRW EH GLVFXVVHG LQ WKLV
LQWURGXFWRU\DQGRYHUDOOSUHVHQWDWLRQRIWKHKDQGERRN)RUWKHWLPHEHLQJWKHUHDGHULVUHIHUUHGWRWKHSXEOLFDWLRQVE\
*LUKDPPDUDQG.lOOVQHU>@DQG.lOOVQHUHWDO>@
$QFKRULQJ RI WKH ERWWRP UDLO ZDV GLVFXVVHG LQ D EDVLF ZD\ LQ SDUW  RI WKLV VHULHV RI SDSHUV LQWURGXFLQJ WKH
KDQGERRN)RUDPRUHGHWDLOHGSUHVHQWDWLRQZLWKUHVSHFWWRWKHEHKDYLRXUDQGGHVLJQRIWKHERWWRPUDLOWKHUHDGHULV
UHIHUUHGWRSXEOLFDWLRQVE\*LUKDPPDUDQG.lOOVQHUHWDO>@*LUKDPPDUHWDO>@DQG&DSUROXHWDO>@
&RQFOXVLRQV
,QDVHULHVRIIRXUSDSHUVDQLQWURGXFWLRQWRWKH6ZHGLVKKDQGERRNRQSODVWLFGHVLJQRIVKHDWKHGWLPEHUIUDPH
VWUXFWXUHVZLWKUHVSHFWWRKRUL]RQWDOVWDELOLW\KDVEHHQSUHVHQWHGWRWKHLQWHUQDWLRQDOFRPPXQLW\7KHGHYHORSHGSODVWLF
GHVLJQPHWKRGKDVEHHQSUHVHQWHGDQGGLVFXVVHGIRULQFOXVLRQLQ(XURFRGH
,QSDUWGHVLJQSULQFLSOHVIRUKRUL]RQWDOVWDELOLVDWLRQDUHGLVFXVVHG:LWKWKHSODVWLFPHWKRGLWLVSRVVLEOHWRFKRRVH
WRWUDQVIHUWKHDQFKRULQJIRUFHYLDWKHOHDGLQJVWXGWRWKHVXEVWUDWHIXOO\DQFKRUHGVKHDUZDOODQGQRXSOLIWRIVWXGV
EXW DOVR WR FKRRVH WRXWLOL]H WKH VKHDWKLQJV WR WUDQVIHU WKH WHQVLOH IRUFH YLD WKH VKHDWKLQJWRIUDPLQJ MRLQWV WR WKH
VXEVWUDWHE\DQFKRULQJWKHERWWRPUDLOSDUWLDOO\DQFKRUHGVKHDUZDOODQGVWXGVH[SHULHQFHXSOLIW7KHSODVWLFPHWKRG
DOORZVIRUVHYHUDODOWHUQDWLYHVRIZDOODQFKRULQJRUDFRPELQDWLRQRIWKHPVRWKDWHDFKWDNHDSRUWLRQRIWKHXSOLIWLQJ
IRUFHHJWKURXJKDVLPSOHW\LQJGRZQGHYLFHWKURXJKWKHVKHDWKLQJWRIUDPLQJMRLQWVDQGWKURXJKDQFKRULQJRIWKH
VKHDUZDOO WR WKH WUDQVYHUVHZDOO7KHPHWKRGDOVRPDNHV LWSRVVLEOH WR LQFOXGH WKH ORDGEHDULQJFDSDFLW\RIZDOO
VHJPHQWVLQFOXGLQJRSHQLQJV7KHLQWHULRUIRUFHGLVWULEXWLRQLQVKHDWKHGWLPEHUIUDPHZDOOVZHDNLQVKHDULVSUHVHQWHG
DVLVWKHIXQGDPHQWDOGLIIHUHQFHEHWZHHQWKHHIIHFWRIYHUWLFDOORDGVRQWKHVWDELOLVDWLRQRIZDOOVZKLFKDUHULJLGRU
ZHDNLQVKHDUDQGKRZWKHSODVWLFGHVLJQPHWKRGLVDSSOLHGWRPXOWLVWRUH\WLPEHUEXLOGLQJV
,QSDUWGHVLJQRIMRLQWVDQGDQFKRULQJGHYLFHVDUHGLVFXVVHG7KHSUDFWLFDOGHVLJQDQGVWUHQJWKRIDQXPEHURI
GLIIHUHQWMRLQWVLVGHVFULEHG6KHDWKLQJWRIUDPLQJMRLQWV±WKHSODVWLFGHVLJQPHWKRGLVEDVHGRQWKHSUHPLVHWKDW
WKH ORDGGLVSODFHPHQW UHODWLRQVKLS RI WKH VKHDWKLQJWRIUDPLQJ MRLQWV KDV VXIILFLHQWO\ ODUJH SODVWLF GHIRUPDWLRQ
FDSDFLW\WKHVKHDWKLQJWRIUDPLQJMRLQWVKDYHJUHDWLQIOXHQFHRQWKHORDGFDUU\LQJFDSDFLW\RIWKHZDOO6WXGWR
UDLOMRLQWV±E\XWLOL]LQJWKHVKHDUFDSDFLW\RIWKHVWXGWRUDLOMRLQWVWKHSODVWLFGHVLJQPHWKRGFDQEHVLPSOLILHGDQG
WKHORDGFDUU\LQJFDSDFLW\FDQEHLQFUHDVHG+ROGGRZQGHYLFHVIRUWKHOHDGLQJVWXG±WKHFDSDFLW\RIWKHW\LQJ
GRZQIRUFHRIWKHKROGGRZQGHWHUPLQHVZKHWKHUWKHVKHDUZDOOZLOODFWDVIXOO\RUSDUWLDOO\DQFKRUHGW\LQJGRZQWKH
VKHDUZDOOVE\FRQQHFWLQJWKHPWRWKHWUDQVYHUVHZDOOVOHDGVWRDGLPHQVLRQDOEHKDYLRXUWKDWLVYHU\IDYRXUDEOHIRU
WKHORDGFDUU\LQJFDSDFLW\DQGWKHVWLIIQHVVRIWKHVKHDUZDOOWKURXJKWUDQVYHUVHZDOOVWKHDQFKRULQJRIWKHOHDGLQJ
VWXGFDQEHUHGXFHGRUHOLPLQDWHGDQG$QFKRULQJGHYLFHVIRUWKHERWWRPUDLO±LQSDUWLDOO\DQFKRUHGVKHDUZDOOVLW
LVQHFHVVDU\WKDWWKHERWWRPUDLOLVDQFKRUHGWRWKHVXEVWUDWHDJDLQVWXSOLIW&KDUDFWHULVWLFYDOXHVIRUWKHGLIIHUHQWW\SHV
RIMRLQWVDUHJLYHQ$OVRMRLQWVEHWZHHQWKHSDQHOVLQWKHZDOOVURRIVDQGIORRUVDUHGHVFULEHGEULHIO\
,QSDUWWKHEDVLFVRIWKHSODVWLFGHVLJQPHWKRGDUHGLVFXVVHG'HVLJQRIVKHDUZDOOVKDVEHHQDWRSLFRIPDMRU
GLVFXVVLRQVLQRUGHUWRGHYHORSDFRPPRQ(XURSHDQFRGHIRUGHVLJQRIWLPEHUVWUXFWXUHV7KHPDLQSUREOHPKDVEHHQ
WKDWVKHDUZDOOVDUHIDVWHQHGWRWKHVXEVWUDWHLQGLIIHUHQWZD\VLQGLIIHUHQWFRXQWULHVDQGWKDWWKLVIDFWPXVWEHUHIOHFWHG
LQWKHFRGH,QWKLVSDUWWKHUHTXLUHPHQWVDUHJLYHQWKDWPXVWEHPHWIRUWKHGXFWLOHFKDUDFWHULVWLFVRIWKHVKHDWKLQJWR
IUDPLQJMRLQWVLQRUGHUIRUWKHSODVWLFGHVLJQPHWKRGWREHDSSOLFDEOH7KHPHWKRGLVEDVHGRQWKHSODVWLFORZHUERXQG
WKHRU\7KHIXQGDPHQWDOSUHUHTXLVLWHVIRUWKHPHWKRGDUHWKDWWKHVWDWLFHTXLOLEULXPIRUWKHVWUXFWXUHLVIXOILOOHGDQG
WKDWWKHVKHDWKLQJWRIUDPLQJMRLQWVDUHGXFWLOH:KDWUHTXLUHPHQWVWKDWVKRXOGEHPDGHRQWKHPHFKDQLFDOSURSHUWLHV
RI WKH MRLQWV IRU WKH SODVWLF GHVLJQPHWKRGV WR EH DSSOLFDEOH DQG WKH SUHFDXWLRQPHDVXUHV WR WDNH WR DYRLG EULWWOH
EHKDYLRXU DUH SUHVHQWHG 7KH WZRPDLQ SULQFLSOHV IRU DQFKRULQJRI VKHDWKHG WLPEHU IUDPH VKHDUZDOOV IXOO\ DQG
SDUWLDOO\DQFKRUHGDUHLOOXVWUDWHGVKRZLQJWKHVWDWLFEHKDYLRXURIWKHZDOOVDQGWKHIRUFHGLVWULEXWLRQLQWKHIUDPLQJ
PHPEHUVDQGWKHVKHDWKLQJV,QDGGLWLRQDJHQHUDOGHVFULSWLRQRIWKHGHVLJQLQWKHVHUYLFHDELOLW\OLPLWVWDWHLVJLYHQ
)RUPHGLXPULVHDQGWDOOHUEXLOGLQJVWKHVHUYLFHDELOLW\OLPLWVWDWHQHHGVWREHWDNHQLQWRDFFRXQW7KHUHDUHQRVSHFLILHG
FULWHULDIRUGHIRUPDWLRQVLQWKHSUHVHQWFRGH7KHVWUXFWXUDOHQJLQHHUQHHGVWRPDNHDMXGJHPHQWLQWKHDFWXDOFDVH
)RU IXOO\ DQFKRUHG ZDOOV WKH KRUL]RQWDO GLVSODFHPHQWV FDQ EH FDOFXODWHG XVLQJ WKH HODVWLF PHWKRG )RU SDUWLDOO\
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DQFKRUHGZDOOVQRVXFKWKHRUHWLFDOH[SUHVVLRQVH[LVWEXWLWLVUHFRPPHQGHGWRXVHWKHHODVWLFPHWKRGDOVRIRUWKHVH
FDVHV
,QSDUWGHVLJQLQWKHXOWLPDWHOLPLWVWDWHLVGLVFXVVHG7KHKRUL]RQWDOORDGFDUU\LQJFDSDFLW\RIIXOO\DQGSDUWLDOO\
DQFKRUHGVKHDWKHGWLPEHUIUDPHZDOOVVXEMHFWHGWRDUELWUDU\YHUWLFDOORDGVLVSUHVHQWHGIRUGLIIHUHQWPRGHOV)RUIXOO\
DQFKRUHGZDOOVWKHHODVWLFPHWKRGLVVXPPDULVHGIRUFRPSDULVRQUHDVRQVDQGDFRUUHVSRQGLQJVLPSOHSODVWLFPHWKRG
LVSUHVHQWHG)RUSDUWLDOO\DQFKRUHGZDOOVWKUHHGLIIHUHQWSODVWLFPHWKRGVDUHSUHVHQWHGZLWKUHVSHFWWRQRFRQWDFW
IRUFHVEHWZHHQDGMDFHQWVKHHWVRFFXUFRQWDFWIRUFHVEHWZHHQWKHVKHHWVRFFXUDQGFRQWDFWIRUFHVEHWZHHQWKH
VKHHWVRFFXUDQGWKHVKHDUUHVLVWDQFHRIWKHVWXGWRUDLOMRLQWVLVWDNHQLQWRDFFRXQW$OOWKHSURSRVHGSODVWLFPRGHOV
DUHEDVHGRQSODVWLFFKDUDFWHULVWLFVRIWKHVKHDWKLQJWRIUDPLQJMRLQWVDQGWKDWDSODVWLFORZHUERXQGWKHRU\LVXVHG
7KH SURSRVHGPRGHOV DUH VLPSOH DQG IOH[LEOH DQG FDQ EH DSSOLHG WR GLIIHUHQWZDOO JHRPHWULHV ZLWK DQGZLWKRXW
RSHQLQJVERXQGDU\FRQGLWLRQVZLWKDQGZLWKRXWDQFKRULQJGHYLFHVXVHRIWUDQVYHUVHZDOOVDQGVKHDWKLQJWRIUDPLQJ
MRLQWVRUDFRPELQDWLRQRIWKHPORDGLQJFRQILJXUDWLRQVZLWKDQGZLWKRXWYHUWLFDOVORDGVDQGQXPEHURIVWRUH\V
7KHGHYHORSHGSODVWLFGHVLJQPHWKRGVIRUIXOO\DQGSDUWLDOO\DQFKRUHGVKHDWKHGWLPEHUIUDPHVKHDUZDOOVKDYHEHHQ
YHULILHGWKURXJKH[WHQVLYHDQDO\WLFDODQGH[SHULPHQWDOVWXGLHV
7KLVLQWURGXFWRU\DQGRYHUDOOSUHVHQWDWLRQRIWKHKDQGERRNLVSODQQHGWREHIROORZHGE\DPRUHGHWDLOHGGHVFULSWLRQ
SUHVHQWHGHOVHZKHUHRIWKHJHQHUDODQGVLPSOLILHGGHVLJQPHWKRGRORJLHVIRUWLPEHUIUDPHVKHDUZDOOVZLWKDQGZLWKRXW
RSHQLQJVXVLQJWUDQVYHUVHZDOOVIRUWKHDQFKRULQJRIWKHOHDGLQJVWXGDQGIRUVKHDUZDOOVLQEXLOGLQJVRIVLQJOHDQG
PXOWLSOHVWRUH\VWRJHWKHUZLWKZRUNHGH[DPSOHV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRJLYHWKHLUVLQFHUHWKDQNVIRUWKHILQDQFLDOVXSSRUWIURPWKH&RXQW\$GPLQLVWUDWLYH%RDUG
LQ1RUUERWWHQWKH5HJLRQDO&RXQFLORI9lVWHUERWWHQDQGWKH(XURSHDQ8QLRQ(XURSHDQ5HJLRQDO'HYHORSPHQW)XQG
±5HJLRQDO6WUXFWXUDO)XQGDQG,QWHUUHJLRQDO3URJUDPPHV
$SSHQGL[$&RPSDULVRQEHWZHHQGLIIHUHQWGHVLJQPRGHOVIRUIXOO\DQGSDUWLDOO\DQFKRUHGVKHDUZDOOV
&RQVLGHUWKHIRXUVHJPHQWZDOOLQ)LJXUH$RQHZLWKDQGRQHZLWKRXWYHUWLFDOORDGVZKHUHb Ph P
s PPsLV PPfS N1P P  DQGV N1
  
DE
)LJ$D$IRXUVHJPHQWVKHDUZDOOZLWKDQGZLWKRXWYHUWLFDOORDGVE7KHGHWDLOVRIWKHGHVLJQRIRQHVHJPHQW
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A.1. Comparison between elastic and plastic models for fully anchored shear walls  
$FFRUGLQJWR(TDQG(TWKHORDGFDUU\LQJFDSDFLW\LVJLYHQE\UHVSHFWLYHO\
HODVW S  H f b   N1  $
SODVW S  H f b   N1  $
)RUIXOO\DQFKRUHGVKHDUZDOOVZLWKRXWRSHQLQJVWKHSODVWLFFDSDFLW\LVRQO\KLJKHUWKDQWKHHODVWLFFDSDFLW\
A.2. Comparisons between different plastic models for partially anchored shear walls without vertical loads 
$FFRUGLQJWR(TVDQGWKHORDGFDUU\LQJFDSDFLW\LVJLYHQE\UHVSHFWLYHO\
SODVW S  H f b   N1  $
SODVW S  H f b   N1  $
SODVW S  H f b   N1  $
,QWKHILUVWDQGVHFRQGPRGHOIXOOVKHDUFDSDFLW\LVQRWDWWDLQHGLQDQ\VHFWLRQZLWKLQWKHZDOO,QWKHWKLUGPRGHO
IXOOVKHDUFDSDFLW\LVDWWDLQHGDWWKHVHFWLRQEHWZHHQWKHVHFRQGDQGWKLUGVKHHWV)RUSDUWLDOO\DQFKRUHGVKHDUZDOOV
ZLWKRXWRSHQLQJVWKHFDSDFLW\LVUHGXFHGFRQVLGHUDEO\FRPSDUHGWRDIXOO\DQFKRUHGVKHDUZDOO7KHUHLVDGLIIHUHQFH
RIDERXWEHWZHHQWKHZHDNHVWDQGVWURQJHVWSODVWLFPRGHO
A.3. Comparisons between different plastic models for partially anchored shear walls with vertical loads 
$FFRUGLQJWR(TVDQGWKHORDGFDUU\LQJFDSDFLW\LVJLYHQE\UHVSHFWLYHO\
SODVW S  H f b   N1  $
SODVW S  H f b   N1  $
SODVW S  H f b   N1  $
,QWKHILUVWDQGVHFRQGPRGHOIXOOVKHDUFDSDFLW\LVDWWDLQHGDWbDQGLQWKHWKLUGPRGHObIURPWKHOHIW)RU
SDUWLDOO\DQFKRUHGVKHDUZDOOVZLWKYHUWLFDOORDGVWKHFDSDFLW\LVLQFUHDVHGDQGWKHGLIIHUHQFHEHWZHHQWKHPRGHOV
EHFRPHVVPDOOHU
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